FOAM BARRIER HEAT SHIELD 



[0001] This application claims the benefit of U.S. Provisional Patent Applications Serial Nos. 
60/475,560 filed June 3, 2003, and 60/497,755 filed August 26, 2003, the contents of each of 
which are incorporated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 
[0002] The invention relates to a damping system for damping vibrational and other noise in 
passenger vehicles., More particularly, the invention relates to a system that is effective to 
block noise and vibration, and as a heat shield. 

[0003] Automobiles are by their nature very noisy machines. Engine combustion, high 
velocity exhaust flow, rotating bearings, rotating transmission and axle linkages, other high 
speed and/or high shear moving parts, and high speed tire-road contact all generate a 
significant amount of noise and structural vibration, particularly at high vehicle speed. All 
this noise can make the passenger cabin of a traveling vehicle very uncomfortable for 
passengers, if not unbearable. 

[0004] In addition, many automobiles components that generate a substantial amount of noise 
also generate a substantial amount of heat, e.g., the exhaust manifold, catalytic converter, etc. 
These components are located in close proximity to other components which must be 
shielded or insulated from heat in order to ensure maximum performance and service life. In 
addition, the underbody (floor pan) of the automobile must be shielded from certain 
underbody components, the exhaust pipes and catalytic converter in particular. If unshielded, 
heat from the exhaust system may be conducted through the underbody into the passenger 
compartment, making it uncomfortable for passengers. 

[0005] Many heat-source components, in addition to generating substantial quantities of heat, 
also are the source of significant vibration and noise. This is because many of the sources of 
heat (for example exhaust gases) also are sources of vibration (due to frictional forces 
between passing high velocity gas and pipe walls). Conventional technologies employ 
separate components to damp vibration/noise and to insulate or shield against heat. 
Otherwise, in the case of many heat-generating components, a heat shield is provided to 
prevent damage to adjacent components but no noise absorption/blocking means is provided, 
either due to weight considerations or the potential for heat damage. 
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[0006] Commonly, the result can be a vibratory exhaust system that is heat-shielded but has 
no or inadequate vibration or noise reduction means despite being a substantial 
noise/vibratory source. The result is that the comfort of automobile passengers in the 
passenger compartment is diminished because there is insufficient noise or vibration 
attenuation mechanism to reduce noise emanating from high temperature components such as 
the catalytic converter. 

[0007] Conventional heat shields applied to these situations consist of either single or layered 
(laminate) aluminum. This material is sometimes embossed to increase the thermal 
protection. Another type of material that is used is an air gap heat shield, a shield that is 
"blown-up" to increase the thermal protection. A third technology that is used is a denim 
barrier with foil on one side, which has been used to try to reduce noise as well as heat. 
These conventional technologies all fall short of providing adequate thermal shielding at 
desirably low weight, and none of them provides any substantial measure of noise abatement. 

[0008] There is a need in the art for a heat shield that also functions as an effective vibration 
and/or noise barrier. Such a heat shield preferably will be effective up to temperatures of 
1250°F, and will be at least as effective, preferably more effective, at abating tonal 
frequencies in the range of 20-2000 Hz as conventional systems, but will weigh less. 

SUMMARY OF THE INVENTION 
[0009] A heat shield is provided having a first metallic outer layer, a second metallic outer 
layer, and a foam layer disposed in between the first and second metallic outer layers. The 
first metallic outer layer has a thickness of 0.001-0.02 inches. 

[0010] A heat shield is provided having a metallic outer layer, a semi-rigid foam layer made 
from a first foam material adhered to the metallic outer layer, and a foam layer absorber made 
from a second foam material, dissimilar to the first foam material, adhered to the semi-rigid 
foam layer opposite the metallic outer layer. 

[001 1] An automobile body panel is also provided having a heat shield fastened or mounted 
to the body panel. The heat shield has a first metallic outer layer, a second metallic outer 
layer, and a foam layer disposed in between the first and second metallic outer layers. The 
first metallic outer layer has a thickness of 0.001-0.02 inches. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0012] Fig. 1 is a schematic diagram showing a first part of a manufacturing process for a 
heat shield according to the invention, 

[0013] Fig. 2 is a schematic diagram showing a second part of a manufacturing process for a 
heat shield according to the invention. 

[0014] Fig. 3 is a cross-section of a heat shield according to a preferred embodiment of the 
invention. 

[0015] Fig. 4 is a cross-section of a heat shield according to a further preferred embodiment 
of the invention, having a porous material layer embedded within the foam layer of the heat 
shield. 

[0016] Fig. 5 is a cross-section of a heat shield according to a further preferred embodiment 
of the invention, having an absorber layer laminated to one of the outer layers, opposite the 
sandwiched foam layer. 

[0017] Fig. 6 is a cross section of a heat shield according to a further preferred embodiment 
of the invention, having a dissimilar foam layer absorber laminated directly to the semi-rigid 
foam layer. 

[0018] Fig. 7 is a graph showing comparative modal analysis data for four heat shields 
according to the present invention as well as a conventional straight aluminum heat shield 
(Example 3). 

[0019] Fig. 8 is a graph a showing comparative loss data for four heat shields according to 
the present invention, as well a conventional straight aluminum heat shield, and conventional 
shoddy and fiberglass sound damping materials, according to test method SAE J1400 
(Example 4). 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

[0020] As used herein, when a range such as 5-25 (or 5 to 25) is given, this means preferably 
at least 5 and, separately and independently, preferably not more than 25. Also as used 
herein, the term "area density" refers to the weight or mass of a 1 square foot section of a 
particular heat shield or material. For example, a heat shield having an area density of 0.5 
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lb/ft 2 means a 1 square foot section of that heat shield weighs 0.5 pounds. Another way to. 
think of area density is as the weight per area of a heat shield. 

[0021] A foam barrier heat shield is provided. According to a first preferred embodiment, 
the heat shield is a sandwich composite having the following layers: 

outer layer : foam layer : outer layer 

[0022] A foam barrier heat shield 10 according to the above embodiment is shown 
diagrammatically in Fig. 3. Each of the outer layers 12, 22 preferably is made of a metallic 
material capable of withstanding the temperatures to which the heat shield 10 will be 
exposed, typically up to about 1250°F. The outer layers 12, 22 can be made from stainless 
steel, aluminized steel, coated steel, or other nonferrous metals, most preferably aluminum. 
Other metals or metal alloys also can be used. Aluminum is preferred due to its wide 
availability, low cost, light weight and thermal conductivity. Each of the outer layers 12, 22 
has a layer thickness of 0.001-0.02 inches, preferably 0.002-0.01, preferably 0.003-0.008, 
preferably 0.004-0.005; alternatively the outer layer thicknesses can be in the range of 0.001- 
0.005. It will be evident from the above thickness ranges that the outer layers 12, 22 typically 
are provided as thin metallic foils. It is riot necessary, though it is desirable in many 
applications, that both outer layers 12 and 22 be of the same material and/or substantially the 
same thickness. 

[0023] The inner foam layer 16 is made from a foam material capable or effective to 
withstanding the operative heat shield temperatures (1000-1250°F), but which will provide a 
degree of sound damping, particularly "at lower tonal frequencies, e.g. below 2000 Hz, 
preferably below 250 Hz. Also, the foam layer serves to dampen vibration of the metal outer 
layer(s) of the heat shield 10, which is an important feature as will become further evident 
herein. In a preferred embodiment, the foam material for layer 1 6 is provided from an 
expandable foaming composition such that it expands and uniformly fills the space between 
opposing outer layers 12 and 22 according to a preferred method of making the heat shield 10 
as described more fully below. Suitable foams for use in the present invention that are or can 
be made from expandable foaming precursor compositions include polyethylene, 
polypropylene, ethyl vinyl acetate (EVA), as well as other polymeric foam(s). Preferably, the 
foam in layer 16 is a semi-rigid foam, preferably a semi-rigid polyurethane. 
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[0024] By "semi-rigid/' it is meant that the foam is a substantially rigid (i.e. not viscoelastic) 
foam, yet it does have limited viscoelastic properties such that 1. the layer 16 is sufficiently 
pliant that it can be bent to accommodate a particular shape or contour to which the heat 
shield 10 will be bent and must conform in use, but whose cellular structure will not be 
appreciably or substantially damaged by such bending, and 2. the foam is acoustically 
deflectable, meaning that it can reversibly deform or deflect from the force of an impacting 
acoustical wave to a sufficient extent to effectively absorb or redirect a portion of the 
acoustical energy and thereby dampen the noise associated with the wave. Generally, a foam 
is characterized as viscoelastic if it is recoverable following a deflection or deformation with 
little or no delay once the deforming influence has been removed. The "semi-rigid" foam 
referred to herein is so characterized because it is generally not a viscoelastic foam, meaning 
that it generally is not recoverable en masse or in bulk upon deflection, nevertheless it is said 
to retain limited viscoelastic properties because it does retain the ability to recover following 
an acoustical deflection induced by an impacting acoustical wave. These deflections occur 
only at the surface of the foam, and do not penetrate into the volume of the foam any 
substantial extent; penetration depths of acoustic deflections typically are on the order of 
nanometers to micrometers. To illustrate, for a foam layer of 0. 16 inches (3.8 mm) thickness 
(see next paragraph) that undergoes an acoustical deflection of 1 nm-l|u,m, this equates to 
about 0.0004-0.4% deflection compared to the total overall thickness of the foam layer. 

[0025] The foam layer 16 has a thickness of 0,005-0.75 inches, preferably 0.008-0.7, 
preferably 0.01-0.6, preferably 0.02-0.5, preferably 0.03-0.4, preferably 0.04-0.3, preferably 
0.05-0.25, preferably 0.06-0.225, preferably 0.07-0.2, preferably 0.1-0.175, preferably 0.15- 
0. 17, inches. The foam layer 16 thickness is selected to maximize strength of the layer while 
taking into account cost considerations for the material. 

[0026] For the preferred semi-rigid polyurethane foam layer, the polyurethane is made 
(expanded) between the two outer layers 12 and 22 (more fully described below) from a two- 
part composition, the first part being a polyol blend composition and the second part being an 
isocyanate composition. The polyol blend composition can include a single polyol or a 
mixture of polyols. A preferred polyol blend composition according to the invention is a 
mixture of two polyols. The first polyol has a molecular weight of 200-600, preferably 420- 
460, and a hydroxyl number of 200-600, preferably 350-400. The second polyol has a 
molecular weight of 2000-8000, preferably 4500-5000, an a hydroxyl number of 10-200, 
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preferably 30-50. These two pblyols are combined to provide a preferred polyol blend 
composition such that the weight ratio of the first polyol to the second polyol is in the range 
of 25:75 to 75:25, more preferably 40:60 to 60:40. A suitable commercial product for the 
first polyol above is Multranol 4035, from Bayer Corporation. Multranol 4035 is a sucrose 
based polyether polyol having a molecular weight of 438 and a hydroxyl number of 380. A 
suitable commercial product for the second polyol above is Multranol 3900, also from Bayer 
Corporation. Multranol 3900 is a glycerin based flexible polyether polyol having a molecular 
weight of 4800 and a hydroxyl number of 35. Alternatively, other suitable and commercially 
available polyols can be selected by those of ordinary skill in the art for the first and second 
polyols respectively as described above. Alternatively, three or more polyols may be 
combined to provide the polyol blend composition according to the invention. 

[0027] Optionally and preferably, the polyol blend composition also is provided with a 
surfactant, a catalyst and a foaming agent, as well as other suitable or conventional 
components for foaming mixtures. The surfactant preferably is a silicone surfactant or a 
mixture of silicone surfactants such as DABCO DC 5164 silicone surfactant and DABCO DC 
5169 silicone surfactant, both from Air Products and Chemicals Inc. Less preferably, other 
suitable surfactants known in the art may be used. 

[0028] The catalyst component preferably is an amine catalyst, more preferably a mixture of 
amine and tin based catalysts. DABCO 33LV from Air Products and Chemicals, Inc. is a 
trimethylenediamine catalyst in dipropylene glycol, and is preferred in the present invention. 
Metacure T-l, also from Air Products, is a dibutyl tin acetate catalyst and is a preferred tin 
based catalyst in the present invention. Alternatively, a single amine catalyst may be used or 
another combination of suitable amine and tin catalysts known in the art may be used. 

[0029] The preferred foaming agent is water. Alternatively, chemical foaming agents known 
in the art, e.g. azodicarbonamide and/or p,p -Oxybis benzenesulfonyl hydrazide (OBSH), can 
be used. 

[0030] The isocyanate composition preferably is or includes Mondur MA2300 from Bayer 
Corporation. Mondur MA2300 is an allophanate-modified MDI 

(diphenylmethanediisocyanate) having two isocyanate reactive sites. The allophanate- 
modified MDI is preferred because, unlike unmodified MDI, the allophanate-modified MDI 
prepolymer can be a liquid at standard temperature and pressure (298K and 1 atm). This 
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greatly simplifies processing. The allophanate-modified MDI molecule has an effective 
isocyanate concentration of about 20-30 weight percent, meaning that about 20-30 weight 
percent of the modified MDI molecule is comprised of the two isocyanate (NC=0) reactive 
sites per molecule. It is conventional, when referring to the weight of isocyanate (NC=0) 
added to a foaming composition to state the weight contributed specifically by the NC=0 
active sites, excluding the residual weight of the molecule to which the active sites are 
attached. 

[0031] Alternatively and less preferably, other isocyanates may be used such as Isonate 143L 
from Dow Chemical Corporation, and less preferably other isocyanate formulations from 
other manufacturers. It is important, however, when using other isocyanate formulations to 
take into account their respective effective weight percent concentrations of active NC=0 
sites. 

[0032] Several or all of the surfactant, catalyst, blowing agent and other components 
described above can be provided together with the isocyanate (preferably Mondur MA2300) 
in the isocyanate composition instead of in the polyol blend composition. Though it is 
preferred these other components be provided in the polyol blend composition such that the 
isocyanate composition comprises substantially 100 weight percent of the isocyanate 
formulation, preferably Mondur MA2300. However the components are apportioned, on 
combining the polyol blend and isocyanate compositions, the resulting foaming composition 
preferably has the following composition listed below in table 1. In table 1, any reported 
weight percent or weight percent range of any component, can be combined with any other 
weight percent or weight percent range for any of the other components; it is not necessary 
that all weight percents or weight percent ranges come from the same column. 

Table 1 : Preferred foaming composition 



weight percent 



Component Preferred Preferr ed Less Less 
K form/source Preferred Preferred 

First polyol Multranol 4035 20-21 17-25 Yti® 

15-oU 



Second polyol Multranol 3900 30-32 28-35 



20-50 
25-40 



Isocyanate Mondur MA2300 45-48 42-49 

40-50 
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Tin catalyst MetacureT-1 0.01-0.1 0.01-0.2 
Amine catalyst . DABCO 33LV 0.6-0.8 0.5-1 



0-0.5 
0-0.3 

0.2-2 
0.4-1.2 



Surfactant A DABCO DC51 64 0.4-0.6 0.3-0.8 ^ i 

Surfactant B DABCO DC5 169 0.1-0.4 0.1-0.5 n °l 1 , 

0-0.7 



Foaming agent Water 0.5-1 0.4-2 



0.1-5 
0.3-3 



Index 100 90-110 60-130 

[0033] In table 1, the weight percent concentrations listed for the isocyanate component are 
reported for the case when Mondur MA2300 is used; i.e. 45-48 weight percent Mondur 
MA2300 is called for in the most preferred embodiment listed in table 1 . Taking into 
consideration the weight percent proportion of active NC=0 (isocyanate) sites in Mondur 
MA2300 (about 20*30% as described above), this corresponds to about 9-14.4% active 
NOO sites in the most preferred composition from table 1 . Preferably, the isocyanate 
concentration (exclusive of residual molecule weight) is about 10.5-12.5 or 1 1-12, less 
preferably 8-14, less preferably 6-16, less preferably 5-20, weight percent excluding the 
weight of the molecule(s) to which the NC=0 groups are attached. Similarly, if other 
isocyanate formulations are used, their respective weight percent proportions of active NC=0 
sites should be taken into consideration when determining the corresponding weight percent 
of the total isocyanate formulation necessary to provide a foaming composition in accordance 
with table 1 and the present invention. 

[0034] The index of the composition listed in table 1 refers to the stoichiometric ratio of 
polyol reactive sites to isocyanate reactive sites in the overall composition as will be 
understood by a person of ordinary skill in the art. An index of 100 indicates a stoichiometric 
balance of polyol to isocyanate reactive sites. An index above 100 indicates an excess of 
isocyanate and an index below 100 indicates an excess of polyol. 

[0035] Other additives known in the art also can be included in the composition, such as 
fillers, colorants, flame retardants, antimicrobials, etc., and these preferably are provided 
initially in the polyol blend composition as described above, though less preferably they may 
be provided initially in the isocyanate composition. 
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[0036] The heat shield according to the above-described embodiment preferably is made as 
follows. Referring to Fig. 1, the first outer layer 12 is provided and conveyed by a conveyor 
system 5 as a continuous sheet in a substantially horizontal direction (arrow D). The first 
outer layer 12 sheet is conveyed past a foam application station 50 where liquid foam 
precursors (two-part foaming composition, one part being the polyol blend composition 52 
and the other part being the isocyanate composition 54) are sprayed directly onto a face 1 3 of 
the passing first outer layer 12 sheet. Thus, at the foam application station, the foam 
precursors are applied to the face 13 of the first outer layer 12 sheet to provide an uncured 
foaming composition layer 15, having all components of the respective polyol blend and 
isocyanate compositions 52 and 54. The polyol blend composition 52 is premixed and 
includes all polyol components, and preferably also the blowing agent, catalyst and 
surfactants as described above. 

[0037] After the foam application station 50, and prior to substantial initiation of foaming 
(blowing or expanding of the foaming composition to yield the foam), the first outer layer 12 
sheet and applied foaming composition 15 are conveyed past a second outer layer sheet 
application station 60 (shown in Fig. 2) where a second outer layer 22 sheet is applied in 
overlying orientation with respect to the first outer layer 1-2 sheet directly over the yet- 
unfoamed precursor composition layer 15, such that the unfoamed composition is sandwiched 
between the first and second outer layers 12 and 22. The second outer layer 22 sheet can be 
provided from a roll 20 and fed to the second outer layer sheet application station via a series 
of rollers as illustrated in Fig. 2. Alternatively, other known or conventional means of 
supplying the second outer layer sheet 22 can be used without undue experimentation. 

[0038] As seen in Fig. 2, a pair of gap rollers, lower gap roller 62 and upper gap roller 63, are 
disposed at the second outer layer sheet application station 60. The lower and upper gap 
rollers 62 and 64 are parallel rollers whose respective longitudinal axes extend in a transverse 
direction relative to the direction of travel, D, of the passing web composed of the outer 
layers 12 and 22 and the intermediate foaming composition layer 15 therebetween. The 
upper gap roller 64 is spaced vertically a distance from the lower gap roller 62, defining a 
distance or gap 63 between the lower-most extent of the upper roller 64 and the upper-most 
extent of the lower roller 62. (The terms "gap" and "distance" are used interchangeably 
herein to refer to the spacing between the lower and upper gap roller 62 and 64 as described 
herein and illustrated in Fig. 2). The gap rollers 62 and 64 are disposed such that as the 
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second outer layer 22 sheet is positioned overlying the first outer layer 12 sheet, the resulting 
three-layer composite (outer layer 12 : foaming Composition layer 15 : outer layer 22) follows 
a pathway between the lower and upper gap rollers 62 and 64. The distance 63 between the 
gap rollers 62 and 64 is selected so that after passing the gap rollers, both the first and second . 
outer layer sheets are in uniform or substantially uniform contact with the yet-unfoamed 
precursor composition 15. The gap roller distance 63 also aids in spreading the liquid 
precursor composition uniformly between the two outer layer sheets prior to foaming. For a 
given thicknesses of the first and second outer layers 12 and 22, the thickness of the finished 
foam layer 16 is affected by appropriate selection of the gap distance 63. For example, in a 
preferred embodiment the first and second outer layers are each 0.005-inch thick aluminum 
layers, and the desired foam layer 16 is about 0. 1 -inch thick semi-rigid polyurethane. To 
achieve this construction, the two-part foaming composition for the polyurethane foam is 
provided to a face of the first aluminum outer layer sheet at the foam application station 50 as 
described above. Then the second aluminum outer layer sheet is applied over the foaming 
composition, and the resulting sandwich structure is fed past the gap rollers 62 and 64, whose 
gap distance 63 is selected to be 0.025 inches, which has been found effective to produce the 
desired finished aluminum-polyur ethane-aluminum heat shield according to this embodiment 
having layer thicknesses of 0.005-0.01-0.005 inches respectively, (allowing for expansion of 
the foam precursor composition on exiting the gap rollers 62 and 64). Alternatively, if a 
polyurethane foam layer of about 0.2 inches thickness is desired between two aluminum 
layers of 0.005 inches thickness, a gap distance 63 of 0.04 inches has been found effective to 
achieve this result. It will be evident the overall thickness of the finished heat shield 10 will 
not correspond to the gap 63 because the foam expansion during foaming of the composition 
15 contributes to the final overall thickness. Therefore, the gap 63 is selected to correspond 
to the nominal or desired overall target heat shield thickness as described in this and the next 
paragraph, taking into consideration the thickness(es) of the outer layer sheet(s). 

[0039] Preferably, the relative positions of the lower and upper gap rollers are fixed during 
the manufacture of the heat shield 10 according to the invention, being immovable relative to 
one another. In other words, the gap rollers 62 and 64 preferably do not supply any external 
compressive force to urge the first and second outer layer sheets together at the station 60. 
The gap distance 63 between them is set initially to correspond to the desired or nominal 
overall heat shield 10 thickness as described above. But the gap distance 63 is not varied or 
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regulated during operation according to the most preferred embodiment for making the heat 
shields 1 0 according to the invention. 

[0040] After passing the gap rollers 62 and 64, the precursor composition 15 foams and 
expands to provide the foam layer 16, which is an expanded foam layer that foams between, 
and to, the opposing outer layer sheets. Expansion of the foam layer 16 is not hindered 
except by the weight of the upper (second) outer layer 22 sheet, and the foam is permitted to 
expand until it is completely expanded/cured, with the final thickness of the foam layer 16 
being ultimately determined by the amount of the precursor composition 15 initially sprayed 
onto the first outer layer 12 sheet, the weight of the second metal layer sheet, the gap distance 
63, and the expansion characteristics of the foam. As the foam layer cures, it expands to fill 
the entire gap between the first and second outer layer sheets and adhesively forms or bonds 
to the facing surface of each of these sheets. Accordingly, no separate adhesive or adhesive 
layer is necessary, and preferably none is provided, between the foam layer 16 and the 
adjacent adhered-to outer layer 12, 22 sheets. After the foam layer 16 has cured, the resulting 
sandwich composite is or can be cut (e.g. die cut) into individual, discrete heat shields, each 
of which is then formable (crush formable) into the desired shape or configuration depending 
on the location in an automobile where the heat shield will be applied. The resulting heat • 
shield is able to retain the surface contour and shape of the final shape to which it is crush 
formed, and the foam layer is not damaged or destroyed as a result of crush- forming because 
it is not a rigid foam, but it is a semi-rigid foam. Most preferably, the semi-rigid foam layer 
16, preferably made from polyurethane, in the heat shield 10 is substantially 100% (less 
preferably at least 99, 98, or 95 percent) recoverable from acoustical deflections. This makes 
the layer an effective sound barrier at low tonal frequencies. 

[0041] In a further preferred embodiment according to the invention, illustrated in Fig. 4, the 
heat shield 1 0 as above described includes a porous material layer 70 embedded within the 
semi-rigid foam layer 16. Preferably, the porous material layer 70 is a fiber mat made from 
non-woven or needlepunch polypropylene fibers, such as Geotex 501 from SI Geosolutions. 
Less preferred are other woven or nonwoven polypropylene fibers or ceramic fibers, e.g. 
ceramic blanket. Less preferred are other woven or nonwoven polymeric fibers such as 
polyester fibers. Still less preferred are other permeable materials such as cloth, paper, wire 
mesh, or plastic mesh. 



11 



[0042] The porous material layer 70 or fiber mat preferably (though not necessarily) is 
located centrally within the foam layer 16, spaced substantially equidistant from the opposing 
first and second outer layers 12 and 22, and has a thickness of about 2-2.5 mm. Preferably, 
the area density of the porous material layer 70 is in the range of 1-3 oz/yd 2 (0.0069 - 0.021 
lb/ft 2 ). The method for making the heat shield 10 having the porous material layer 70 is the 
same as described above, except that prior to spraying the precursor composition 15 at the 
station 50, the porous material layer 70 (preferably a polypropylene fiber mat) is laid down 
on the facing surface of the first outer layer 12 sheet. This two-layer construction is then 
conveyed to the station 50 where the precursor composition 1 5 is sprayed on the outer sheet 
12 as described above, directly over top of the fiber mat. Then the second outer layer 22 
sheet is applied over the precursor composition 15 as above described, and the composition is 
permitted to foam to produce the foam layer 16. Surprisingly and unexpectedly, it has been 
discovered that during foaming and curing of the precursor composition 15, the fiber mat 
migrates upward and ends up substantially centrally positioned within the finished foam layer 
16 once curing is complete. Furthermore, during foam curing, the precursor composition 
(foam) penetrates and permeates the fiber mat resulting in the fiber mat being impregnated 
with the semi-rigid polyurethane foam in the finished heat shield. When other porous 
materials are used for the porous material layer 70, it is preferred that such materials are 
sufficiently porous to accommodate permeation of the precursor composition therethrough so 
that the porous material layer 70 ends up substantially centrally located within the finished 
foam layer 16 as described above. 

[0043] Providing the porous material layer 70 embedded within the foam layer 16 enhances 
the stiffness of the foam layer 16, which is desirable in some heat shield applications, 
particularly where it is desirable also to be self supporting over large areas. 

[0044] In a further preferred embodiment of the invention, the heat shield 1 0 is provided 
having an absorber layer 24 laminated to the second outer layer 22, opposite the foam layer 
1 6. The absorber layer 24 preferably is composed of fluffy fibers, and has a thickness of 
about X A to 14 inch. Most preferably, the absorber layer 24 is made up of polyester fluffy 
fibers (preferably PolyTex™ from Janesville-Sackner Group, Norwalk, Ohio) or 
polyethylene fluffy fibers. PolyTex™ is a low density thermobonded non-woven material 
composed of polyester fibers. Alternatively, the absorber layer 24 can be made of any other 
conventional fibers such as polypropylene, denim, cotton, glass, etc. The absorber layer can 
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be supplied sandwiched between two aluminum scrim sheets, typically less than 0.001 inches 
thick. In that case, one of these aluminum scrim sheets is used as the second outer layer 22 
sheet for the heat shield 10 production method described above, such that the foaming 
composition 15 (Fig. 2) is sandwiched and expands between the first outer layer 12 sheet on 
one side, and an aluminum scrim sheet of the absorber 24 on the other, so the overall 
construction is metal : foam : metal (scrim) : absorber : metal (scrim). Alternatively, one or 
both of the scrim sheets can be made from another substantially nonporous metallic, plastic 
or fabric material, usually less than 0.001 inch thick. The absorber layer 24 also can be 
supplied laminated to only a single scrim sheet, in which case the overall construction is 
metal : foam : metal (scrim) : absorber. Or, in an alternate embodiment the overall 
construction can be metal : foam : absorber : metal (scrim) when the absorber layer 24 is 
laminated to (facing) the foaming composition 15 with the single scrim sheet facing outward, 
away from the foam layer 16 in the finished heat shield 10. 

[0045] In a further embodiment according to the invention, illustrated in Fig. 6, the heat 
shield 10 is an arrangement having the foam layer 16 laminated to the upper surface of the 
first outer layer 12, and a second, dissimilar foam layer absorber 24a laminated to the upper 
surface (i.e. facing away from the first outer layer 12) of the foam layer 16; so the overall 
construction is: 

outer layer 12 : semi-rigid foam layer 16 : dissimilar foam layer absorber 24a 

[0046] By "dissimilar' 1 foam layer absorber, it is meant that the foam used for absorber 24a is 
not the same as the foam used for the semi-rigid foam layer 16. Preferably, the outer layer 12 
is an aluminum layer, and the semi-rigid foam layer 16 is a semi-rigid polyurethane layer as 
described above. In this embodiment, the polyurethane foam and first outer layers, 16 and 12 
respectively, are provided as described above, and the foam layer absorber 24a is a non- 
polyurethane foam layer that is provided having no scrim sheets, but otherwise is laminated 
to the unfoamed liquid precursor composition 15 between the gap rollers 62 and 64. The 
foam layer absorber 24a preferably is a closed cell foam such as polyvinyl nitrile, and has a 
thickness in the range of about X A to about X A inch. 

[0047] The heat shield 10 according to the invention has substantial utility in automotive heat 
shielding applications where the heat source temperature is less than 1250°F, and the heat 
shield can be mounted at least 0.25 inches away from the heat source. In automotive 



13 



applications these conditions exist in many situations. One is an underbody application, 
shielding the floor boards (floor pan) of a vehicle body from the exhaust system (pipes, 
catalytic converter, etc.). In this application, the heat shield according to the invention is 
fastened or mounted to the underside of the floor pan in a conventional manner. 
Alternatively, the heat shield can be mounted to other body panels in an automobile, 
wherever it is necessary or desirable to abate both noise and sound, or either of these; e.g. the 
underside of the automobile hood, the fire wall between the engine compartment and the 
passenger compartment, door panels, etc. It is noted that when installed in door panels, the 
heat shield according to the invention is effective to thermally insulate the passenger 
compartment from the outside environment (keeping heat or a/c inside), while simultaneously 
blocking outside noise (keeping noise out). 

[0048] It has been found that the heat shield 10 disclosed herein outperforms conventional 
heat shielding technologies in terms of amount of heat deflected or dissipated. Furthermore, 
in addition to providing effective heat shielding, the heat shield 10 acts as a noise barrier, 
effectively attenuating noise and making the passenger compartment more pleasing to 
passengers. This combined heat shielding-noise attenuating functionality of the invented heat 
shield 10 is a substantial advance over the state of the art and conventional technologies, 
which results in a total heat- and noise- shielding package that can be provided in a single 
component, minimizing both monetary cost and, more importantly, vehicle weight. 

[0049] Further aspects of the invention will be understood in conjunction with the following 
examples, which are provided by way of illustration. 



EXAMPLE 1 

[0050] Four different heat shields 10 according to the invention were made having a semi- 
rigid polyurethane foam layer. For each of these four heat shields, the foam layer was made 
from a precursor foaming composition comprised of the following components in the 
following total weight percents: 

Multranol 4035 (sucrose-based polyether polyol) 20.61 
Multranol 3900 (glycerin-based polyether polyol) 30.92 
Water 0.77 
DABCO 33LV (amine catalyst) 0.72 
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Metacure T-l (tin catalyst) 0.05 

DABCO DC 5 1 64 (surfactant) 0.52 

DABCO DC 5 1 69 (surfactant) 0.26 

Mondur MA2300 (allophanate-modified MDI (20-30% NCO^ 46. 1 5 

TOTAL = 100 



[0051] The four heat shields were composed as follows: 

Invented 1 : The foam layer was sandwiched between two opposing aluminum layers 
each having a thickness of 0.005 inches. The overall thickness of the heat shield was about 
0.1 inches, and its area density was about 0.2 lb/ft 2 . 

Invented 2 : The foam layer was sandwiched between two opposing aluminum layers 
each having a thickness of 0.005 inches. The overall thickness of the heat shield was about 
0.15-0.2 inches, and its area density was about 0.25 lb/ft 2 . 

Invented 3 : The foam layer was sandwiched between two opposing aluminum layers 
each having a thickness of 0.005 inches. The foam layer had a fiber mat layer of non-woven 
polypropylene fibers embedded substantially centrally within the foam layer. The overall 
thickness of the heat shield was about 0.2 inches, and its area density was about 0.31 lb/ft 2 . 

Invented 4 : This heat shield had an outer aluminum layer of 0.005-inch thickness, a 
polyurethane foam layer of about 0. 15-0.2 inches thickness adhered to the aluminum layer, 
and an absorber layer adhered to the foam layer. The absorber layer was made up of non- 
woven polyester fluffy fibers, and was supplied adhered on one surface to a scrim sheet made 
of a substantially non-porous fabric sheet. Thus, the overall construction of this heat shield 
was: __ 

I absorber 1 

aluminum - foam - fluffy polyester fibers - nonporous fabric sheet 
The heat shield had an area density of about 0.27 lb/ft 2 . 

EXAMPLE 2 

[0052] Each of the four heat shields of Example 1 was subjected to a hot box temperature 
drop study to compare the heat shielding characteristics of each with a number of 
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conventional heat shielding and sound dampening materials. Specifically, the four heat 
shields of Example 1 were compared to: 

"Straight aluminum", a 0.03-inch thick aluminum sheet which is a conventional 
underbody heat shield in common use, area density of 0.44 lb/ft 2 ; 

"Laminated aluminum", which was composed of two sheets of 0.012-inch thick 
aluminum sheet metal that have been crimped together to form a heat shield - this also is a 
conventional underbody heat shield, area density of about 0.35 lb/ft 2 ; 

"Shoddy", a conventional acoustic absorption material composed of pressed cotton - it 
is typically made by pressing textile cotton waste or scraps into compressed sheets, and is 
conventionally used to damp noise (NVH) in automobile body panels, area density of 0.24 
lb/ft 2 ; and 

"Fiberglass", which is a conventional acoustic absorption material composed of a 
dense fiberglass mat, typically used to dampen engine noise and adhered or laminated to the 
underside of an automobile hood, area density of 0.24 lb/ft 2 . 

[0053] Each of the above materials (the four invented heat shields of Example 1, and the four 
above-described conventional materials) was tested as follows. A one square foot section of 
the material was positioned having one surface (the proximal surface) spaced 1 inch away 
from a point source of heat. For each test, the point source temperature was maintained at a 
constant 1000°F. Thermocouples were positioned 1) in contact with the material being tested 
opposite the proximal surface (i.e. in contact with the distal surface), 2) spaced 1 inch away 
from the distal surface, and 3) spaced 2 inches away from the distal surface, to measure the 
steady state temperature at all three of these positions. For each test, the three thermocouples 
were positioned such that the three points at which temperatures were measured fell 
essentially along a line intersecting the point source, and perpendicular to the surfaces 
(proximal and distal) of the material being tested. Results of the tests are provided in table 2 
below. 



Table 2: Hot box test results 



Material 



Surface Temp 1-inch Temp 2-inch Temp 
(°F) (°F) ( Q F) 



Straight aluminum 



286 87 83 



Laminated aluminum 



213 



91 



88 



Shoddy 



192 



107 



105 



Fiberglass 



143 



86 



85 
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Invented 1 



246 



84 



81 



Invented 2 



206 



83 



81 



Invented 3 



203 



87 



83 



Invented 4 



185 



90 



88 



[0054] As evident from table 2, all four of the heat shields according to the invention 
provided comparable, in some cases better, heat shielding performance compared to the 
conventional materials, yet the heat shields according to the invention were substantially 
lighter than either of the conventional aluminum heat shields, and substantially more durable 
than either the Shoddy or Fiberglass materials. It will be apparent that the heat shields 
according to the invention preferably have an area density less than about 0.35 lb/ft 2 in order 
to save weight compared to a conventional aluminum heat shield, and more preferably they 
have an area density of about 0.3 1 lb/ft 2 or less. Neither shoddy nor fiberglass alone could be 
used as an underbody automobile heat shield due at least to the harsh conditions prevalent 
under the automobile body. 

EXAMPLE 3 

[0055] The four heat shields according to the invention from Example 1, along with the 
conventional straight aluminum material from Example 2, were subjected to a free-free 
modal analysis test. Each material was suspended substantially unconstrained by a string to 
allow for free vibration when impacted. Each of the suspended material samples was then 
subjected to an impulse from a force hammer. The amount of force supplied on impact and 
the resulting vibration in each sample were measured to determine the modal resonance or 
vibration of each material. Results are provided in Fig. 7. 

[0056] From the figure, it is evident that all four of the invented heat shields that were tested 
substantially outperformed the conventional aluminum heat shield in terms of the magnitude 
of vibration or resonance following the impulse. Accordingly, the invented heat shields 
themselves are a substantially lesser source of vibrational noise due to their own vibration 
than the conventional aluminum underbody heat shields employed in today's automobiles. 
This test demonstrates the heat shields according to the invention are effectively internally 
damped against vibration, which is a heretofore unknown feature of a heat shield. 
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EXAMPLE 4 

[0057] The four heat shields from Example 1, as well as the conventional straight aluminum, 
shoddy and fiberglass materials from Example 2, were subjected to a transmission loss test 
according to test method SAE J1400: Laboratory Measurement of the Airborne Sound Barrier 
Performance of Automotive Materials and Assemblies. The transmission loss test measures 
the loss (attenuation) of sound pressure across a sample of material. To conduct the test, a 
material sample is placed in between a sound source and a receiver. The source is activated, 
delivering a sound wave of known or measured initial pressure, intensity, frequency, etc., and 
the resulting sound pressure on the opposite side the material sample is measured and 
recorded by the receiver. The results are provided in Fig. 8. As can be seen from the figure, 
the heat shields according to the invention block noise as well as the non-metal 
barrier/absorbers, and are nearly as good as the solid aluminum barriers which are 50-100% 
heavier. Such effective noise attenuation was a highly surprising and unexpected result and 
was believed to be due, at least in part, to the internal damping characteristics of heat shields 
according to the invention. 

[0058] Although the invention has been described with respect to preferred embodiments, it 
will be understood that various changes or modifications can be made thereto by persons of 
ordinary skill in the art without departing from the spirit or the scope of the invention as set 
forth in the appended claims. 



18 



